Based on a review of the literature, this paper provides an update on surgical treatment of middle and low rectal cancer and discusses issues of debate surrounding that treatment. The main goal of the surgical treatment of rectal cancer is radical resection of the tumor and surrounding lymphatic tissue. Local excision of early rectal cancer can be another treatment option, in which the patient can avoid possible complications related to radical surgery. Neoadjuvant chemoradiation therapy (CRT) has been recommended for patients with cT3-4N0 or any T N+ rectal cancer because CRT shows better local control and less toxicity than adjuvant CRT. However, recent clinical trials showed promising results for local excision after neoadjuvant CRT in selected patients with low rectal cancer. In addition, the "wait and see" concept is another modality that has been reported for the management of tumors that show complete clinical remission after neoadjuvant CRT. Although radical surgery for middle and low rectal cancer is the cornerstone therapy, an ultralow anterior resection with or without intersphincteric resection (ISR) has become an alternative standard surgical method for selected patients. Many studies have reported on the oncological safety of the ISR, but few of them have addressed the issue the functional outcome. Furthermore, an abdominoperineal resection (APR) has problems with high rates of tumor perforations and positive circumferential resection margins, and those factors have contributed to its having a high rate of local recurrence and a poor survival rate for rectal cancer compared with sphincter-saving procedures. Recently, great efforts have been made to reduce these problems, and the total levator excision or the extended APR concept has emerged. Surgical management for low rectal cancer should aim to radically excise the tumor and to preserve as much of the sphincter function as possible by using multidisciplinary approaches. However, further prospective clinical trials are needed for tailored treatment of rectal cancer patients.
excision (TME), which allows complete removal of the intact mesorectum. After the concept of TME was adopted as the standard treatment for rectal cancer, the rate of local recurrence and the functional outcomes have improved. Furthermore, a multidisciplinary approach and the use of accurate local staging with transrectal ultrasound (TRUS) and rectal magnetic resonance imaging (MRI) has become more popular in Korea.
Preoperative chemoradiation therapy (CRT) for rectal cancer has become more common in Korea based on National Comprehensive Cancer Network (NCCN) guidelines. However, a wide range of tumor responses from complete remission to no response have been observed. Based on a rectal cancer study by a Dutch group, preoperative CRT followed by surgery results in significantly better local control of resectable rectal cancer. [1, 2] Preoperative short-course radiotherapy (5 Gy for 5 consecutive days) followed by immediate TME for cT3-4N0 or any T N+ rectal cancer without a threatening circumferential resection margin (CRM) is a
INTRODUCTION
Based on a review of the literature, this paper provides an update on surgical treatment of middle and low rectal cancer and discusses issues of debate surrounding that treatment. Locoregional tumor control in rectal cancer surgery has improved significantly over the last 20 years due to the introduction of the total mesorectal standard treatment in The Netherlands. Long-course CRT is indicated for more locally advanced rectal cancer in European countries. However, in North America, preoperative 5-fluorouracil (5-FU)-based long-course CRT followed by delayed surgery has been recommended as a standard treatment for advanced rectal cancers with stages worse than cT3N0. Recently, long-course neoadjuvant CRT has become more popular in Korea.
Distal rectal cancer has been regarded as a challenging disease in terms of oncologic and functional outcomes. In addition to the standard low anterior resection (LAR) for distal rectal cancer, an ultralow anterior resection (uLAR) with or without intersphincteric resection (ISR) has been reported to be safe and feasible by many studies [3] [4] [5] [6] . However, the anal sphincter function and colorectal anastomotic site stricture were not well studied.
The abdominoperineal resection (APR) is a standard operative technique for advanced distal rectal cancer. However, the high rate of positive CRMs may result in a high local recurrence rate and subsequently a poor oncologic outcome. The extended APR (total levator excision) has been advocated to avoid a positive CRM and to improve the oncologic outcome. It shows a decreased rate of local recurrence, which can be explained by the reduced rate of positive CRMs and reduced tumor perforation.
In regard to the preservation of the anal sphincter function, CRT has been proposed to downsize and downstage the tumor. Thus, sphincter preservation with acceptable anal function and with an oncological outcome similar to that of radical surgery has been reported. Moreover, early rectal cancer showed good response to neoadjuvant CRT. Transanal local excision (TAE) or wait and see treatment option has been recommended for selected cases with good response. Due to the inaccurate prediction of positive nodes by conventional imaging studies, these treatment options were justified only on the basis of a small number of clinical trials.
Indeed, an average of 20% pathologic complete response (pCR) is seen after neoadjuvant CRT. Multiple clinical trials have been conducted with altered chemotherapy regimens to achieve a higher rate of pCR. However, those studies failed to demonstrate any increase in the rate of pCR and were adversely affected by side effects and toxicities [7, 8] . The aim of this article is to review current update and debate issues in the surgical treatment of middle and low rectal cancer through a literature review.
TREATMENT OPTIONS TAE
Radical resection for rectal cancer itself has significant morbidities such as anastomotic leakage (5 to 15%), injury to the hypogastric and the pelvic nerves, and bowel dysfunctions such as tenesmus, irregular bowel movement, soiling, urgency, etc. However, these complications can be avoided by using local excision of the tumor. Usually, TRUS is a quite reasonable diagnostic modality for assessing the depth of invasion of rectal cancer. Early rectal cancer such as T1 or T2 can be more accurately assessed by using TRUS in a high-frequency mode.
Patient selection and appropriate consideration of adjuvant therapy are crucial to treatment. Local excision does not allow regional nodal dissection; thus, patients may be incorrectly staged as nodenegative on the basis of TRUS or MRI. Since transanal endoscopic microsurgery (TEM) was reported by Buess et al. [9] from Germany, it has been shown to have several merits compared to conventional TAE. TEM can provide a full thickness excision without fragmentation of the specimen and an adequate negative resection margin. The advantages of TAE are avoidance of abdominal incision, pelvic dissection, and colorectal anastomosis. Its major disadvantages are the potential for incomplete excision of the tumor and the absence of a lymphadenectomy. Indications for a TAE based on NCCN guidelines are tumor location within 8 cm from the anal verge, less than 30% circumferential involvement of the rectum, a tumor less than 3 cm in size, a clinically T1 tumor, and a mobile and well-differentiated adenocarcinoma. Technically, tumors that are too proximal, bulky and circumferentially involved are not suitable for local excision. A poorly-differentiated tumor with lymphovascular invasion shows a high risk for recurrence with local excision alone. The 5-year rate of local recurrence for a pT1 tumor has been reported to range from 5 to 28%, and the 5-year disease-free survival rate from 64 to 93% [10] [11] [12] [13] [14] [15] [16] [17] . For local excision of T2 lesions, the 5-year rate of local recurrence has been reported to range from 8 to 24%, and the 5-year disease-free survival rate from 76 to 93% [12, [17] [18] [19] . When we reviewed the literature from 2000 to 2009 for T1 rectal cancer and compared the 5-year overall and disease-free survivals for both radical and local excision, we found that, although radical resection showed better results, the differences between them were not statistically significant ( Table 1) . Most of the studies on local excision for T1 cancer were small, retrospective analyses. Recent studies have helped define the risk of recurrence following local excision and have provided data concerning the success of salvage surgery in patients who experience local recurrence. There is ongoing interest in the role of transanal excision in conjunction with CRT for selected rectal cancers.
Salvage surgery may require a multivisceral pelvic resection, which has morbidity rates of 34% and R0 resection rates between 79% and 94%. The 5-year disease-free survival after salvage surgery ranges between 53% and 59%. Controversy still remains about whether or not patients who show local failure after local therapy can be treated effectively by using salvage surgery (LAR or APR) and whether or not the incidence of distant metastasis will be higher after salvage surgery.
Some authors reported promising results for salvage treatment. Garcia-Aguilar et al. [11] achieved good results from salvage treatment. Among 20 patients who had local or distant recurrence, 18 patients underwent additional therapy. Thirteen of them had radical surgery, and only 3 patients out of those 13 patients died from cancer recurrence. Moreover, Baron et al. [20] tients who underwent an immediate APR for adverse histological features to 21 patients who required an APR for local recurrence. They found that the disease-free survivals for the immediate and the salvage APR groups were 94% and 56%, respectively. Therefore, careful patient selection is an important issue before proceeding with local excision.
Technically, TEM was developed to treat tumors that would otherwise be appropriate for TAE but resided too high in the rectum to be accessible by standard transanal techniques. The rectum is distended by the infusion of carbon dioxide through the rectoscope, and especially designed optical instruments permit stereoscopic vision. Precise resection of a lesion in the proximal rectum, normally inaccessible by standard transanal approaches, results in minimal discomfort or morbidity. Moore et al. [21] compared two groups of patients, TEM (n = 82) and conventional TAE (n = 87), with respect to margin clearance (90% vs. 71%, P = 0.001) and nonfragmented specimens (94% vs. 65%, P = 0.001). Local recurrence was 5% vs. 27% (P = 0.004) for the TEM and the TAE groups, respectively. Christoforidis et al. [22] also compared TEM (n = 42) with conventional TAE (n = 129) for T1 and T2 tumor. They found that the surgical margin was positive in 2 % and 16% of the patients who underwent the TEM and TAE, respectively (P = 0.0001). The 5-year disease-free survival rates were 76% vs. 60.5% (P = 0.029), respectively. Based on the two studies, TEM seemed to be much better treatment modality over local excision in term of oncologic safety.
Recently, the transanal endoscopic operation (TEO), transanal minimal invasive surgery (TAMIS), or robotic transanal surgery (RTS) has been reported [23, 24] . In our institute, we started TEO for early rectal cancer in December 2011. We performed 19 TEOs by the end of October 2012. Most of them involved early rectal cancer, followed by carcinoid tumors and huge adenomas in decreasing order of frequency of occurrence. The median diameter was 1.9 cm (range, 0.2 to 6.0 cm), and the median distance from the anal verge was 7 cm (range, 4 to 14 cm). The median operative time was 102 minutes (range, 46 to 290 minutes). A positive resection margin was found in two cases (10.6%) and fragmentation of the excised specimen was documented in one case (5.3%). Out of 19 patients, one minor complication and three major complications requiring a second surgical intervention were reported. Immediate salvage surgery was performed for three patients (15.8%). Recently, TAMIS has been performed using a single-port laparoscopic device applied to the anus. RTS using a single port applied to the anal canal and a robotic arm placed inside the anal canal has also been reported [23] . However, that study involved only a small number of cases; thus, large-scale, well-designed studies are needed to validate the safety and the feasibility of RTS.
Kitajima et al. [25] reported that the rate of regional lymph-node metastasis was variable depending on the depth of invasion. T1 tumors can be divided into three types based on their invasion of the submucosal layer. SM1 (<1,000 μm) shows a risk of lymphnode metastasis of 1 to 3%, SM2 (1,000 to 3,000 μm) shows a risk of lymph-node metastasis of 8 to 10%, and SM3 (>3,000 μm) shows a risk of lymph-node metastasis of 20 to 25%. Therefore, radical surgery is recommended when the tumor has invaded the submucosa far beyond 1,000 μm.
After local excision, regular follow-up is recommended for lowrisk pT1 cancer. On the other hand, radical surgery is the recommended for pT1 cancer with high risk or for pT2 cancer. Neoadjuvant or adjuvant CRT with local excision has been reported to be an alternative option.
Local excision followed by postoperative chemoradiation
In general, a small mobile lesion in the rectum that is diagnosed as a clinically cT1 or cT2 tumor will not be treated with CRT as the first line of treatment because CRT itself has potential side effects, toxicity and related complications; thus, CRT can be considered as an overtreatment. If the final pathology shows pT1 cancer with high risk or pT2 cancer, the standard treatment is radical surgery. However, the next option will be adjuvant CRT, especially for patients with very low-lying rectal cancer. Although some surgeons recommend it, strong evidence for its use is still lacking. Because we do not know the actual lymph node status after local excision for T1 lesions with high risk factors or T2 lesions, controversies have occurred about the safety of local excision followed by adjuvant CRT for the treatment of early rectal cancer.
Radiation Therapy Oncology Group protocol 89-02 has reported a local recurrence rate after local excision followed by CRT of around 4% in T1, 16% in T2, and 23% in T3 cancers [26] . However, Min et al. [27] analyzed 76 T1 patients who received local excision only or local excision followed by adjuvant radiation therapy. The mean follow-up period was 84.9 months. During their follow-up period, the disease-free survival rate was 100% for local excision followed adjuvant radiation therapy and 76% for local excision. This study demonstrated the possible oncologic merits of local excision followed by radiation for the treatment of T1 lesions. However, the adverse effects of radiation therapy, especially those regarding anorectal function, have not been addressed. The Cancer and Leukemia Group B 8984 study showed the results of local excision for T1 (n = 59) and T2 (n = 51) cancers. T1 patients were regularly followed up, and long-course CRT was given to T2 patients [28] . With a median 7 years of follow-up, the 10-year overall survival rates were 84% for T1 patients and 66% for T2 patients. The disease-free survival rates were 75% for T1 patients and 64% for T2 patients. The local recurrences were 8% and 18%, respectively.
In general, local excision combined with CRT can be used for selected patients. However, tumor recurrence, the possibility of salvage surgery, and the risk of failure point to the need for more highly-motivated patients and for more discussion between the surgeon and the patients.
Neoadjuvant CRT followed by local excision
Preoperative long-course CRT has become the standard treatment for cT3-4N0 or any T N+ rectal cancer in Korea because it is associated with reduced radiation toxicity and late complications, as well as better local disease control. We can observe a wide range of tumor response after neoadjuvant CRT, which can be related to various factors such as radiation dose, chemotherapeutic drugs, timing of the surgery, tumor biology etc. However, preoperative accurate prediction of the complete response is still lacking, and the treatment for those patient who was suspected of having a complete response still is not clear. The standard treatment is radical surgery with either sphincter-preserving surgery or an APR. A proctectomy with a TME itself has been demonstrated to have high morbidity. Various complications such as anastomotic leakage, wound infection, temporary stoma, sexual and voiding dysfunction and frequent bowel movement may develop. In addition to that, the APR needs a permanent stoma with associated morbidity and poor quality of life.
If a complete tumor response is observed, which means a nearly absent gross tumor or the presence of scar tissue based only on endoscopic and radiologic imaging, a full-thickness local excision may be an option. Oncologically, in a retrospective study of patients who received preoperative CRT, ypT0 patients showed a rate of lymph node metastasis of 0 to 17% (Table 2) . Based on a literature review, we observed that ypT0 tumors after preoperative CRT followed by local excision showed a low rate of local recurrence of 0 to 5% and a distant metastasis rate of 0 to 25% (Table 3 ). This treatment modality has been assessed in smallsample-size prospective and retrospective studies, so it can be recommended as a treatment option for highly selective cases.
Lezoche et al. [29] reported on 35 patients with cT2N0 cancer who received preoperative CRT followed by local excision and compared them with 35 patients who had laparoscopic radical surgery. Interestingly, local recurrence was noted in 2 pa tients (5.7%) and 1 patient (2.8%), respectively. The 5-year disease-free survival rates were not statistically different between the two groups. CARTS prospective multicenter trials investigated the role of a rectal-saving treatment modality using CRT and local excision. The inclusion criterion was patients with cT1-2-3N0M0 cancer to whom preoperative CRT (2 Gy × 25 with capecitabine) had been given [30] . Even though there have been many debates about treatment modality, a couple of comparative studies have been reported. Callender et al. [31] compared local excision after standard 5-FUbased long-course CRT (n = 54) with radical surgery with TME (n = 411) for T3 rectal cancer. A local excision was done for the patients: pCR (n = 23), microscopic residual disease (n = 17) and gross residual disease (n = 17). The mean follow-up period was 60 months. No statistical differences in the disease-free survivals, the disease-specific survivals or the overall survival rates were noted between the two groups. Therefore, they carefully proposed a local excision after standard long-course CRT for the treatment of T3 rectal cancer, with excellent tumor response, as an alternative treatment option. The nonrandomized phase II American College of Surgeons Oncology Group Z6041 trial evaluated patients with clinical T2N0 rectal cancer who received preoperative CRT followed by local excision [19] . Garcia-Aguilar et al. [19] found that the study had high pCRs of up to 44%, but 39 patients (39%) developed grade >3 CRT-related complications. Rectal pain was the most common complication. They concluded that further modifications to improve therapeutic efficacy were still needed.
Indeed, local excision after complete response remains a controversial issue due to the high risk of regional lymph-node metastasis and the difficulty in accurately staging the tumor after CRT. Neoadjuvant CRT followed by local excision is a very attractive treatment option, especially in distal and middle rectal cancer because patients can avoid radical surgery and subsequent complications. Therefore, we need to understand tumor biology better in order to identify those patients who will have complete response and to select them carefully for such a management modality.
Wait and see
About 10 to 20 percent of patients with locally advanced rectal cancer achieve a pCR after surgery following preoperative CRT. For the first time, Habr-Gama et al. [32] observed and followed patients with locally advanced rectal cancer who had a clinical complete tumor regression to preoperative CRT without any surgical intervention. They reported on a total of 265 rectal cancer patients who had undergone preoperative CRT. Out of the 265 patients, 71 showed a clinical complete response (cCR) according to their criteria. They were followed without any surgical intervention. Twenty-one patients in the control group who showed ypT0N0M0 cancer after radical surgery were followed as well. Interestingly, the 5-year overall survival was better in the observation group of patients, and the 5-year disease-free survival was poorer in the surgery group.
Consistent strategies are needed for more objective recognition of a cCR, as are reliable methods to confirm total eradication of the tumor. Based on the small number of patient in our study, we analyzed 29 patients who were given preoperative CRT, and we compared the endoscopic findings after preoperative CRT between the CR and the non-CR groups. White scarring, deep ulceration and telangiectasia were more commonly found in the CR group of patients than in the non-CR group. In addition to that, when the tumor volume was reduced by over 75% by MRI volumetry after preoperative CRT, the possibility of a pCR was higher. Those factors can be used for making a clinical decision when a cCR is strongly suspected [33] .
Maas et al. [34] reported on 21 patients with cCR who were followed without any surgical intervention. The mean follow-up was 25 ± 19 months. He compared them with a control group of patients who underwent radical surgery. There were no differences in the 2-year disease-free survival and the overall survival rates between the two groups. They concluded that the "wait and see" option with strict selection criteria, up-to-date imaging techniques and follow-up was feasible and that the results were promising. The outcome was similar to that of patients with a pCR after surgery. The above mentioned studies were a retrospective study and the case numbers were also small. However, they showed that the observational group was comparable and even better in oncologic outcomes. Other retrospective studies have reported higher recurrence rates of 23 to 60%. The reason these studies showed a wide range of recurrence rates is that most studies were heterogeneous in staging, inclusion criteria, study design and the timing of the assessment of a complete clinical response [35] Although, multiple studies have reported the 'wait and see' option to be promising, there is still a lack of evidence about salvage surgery for local recurrence, the long-term oncologic and functional outcomes, and the quality of life. In our opinion, this treatment modality needs to be evaluated in the future based on more multiinstitutional, prospective, randomized, controlled trials using a large patient cohort. In addition, local excision biopsy for suspicious cCR lesions by using either a conventional method or TEM might be a suitable approach for assessment, and ypT status might be one of the parameters used to make a decision on further treatment.
Morbidity after local excision is of concern. Recently, Habr-Gama et al. [36] reported on 23 patients who received TEM after preop-erative CRT. That study showed a 30% complication rate mainly in the primary site repair of the rectal wall. Complications like delayed healing, wound dehiscence and anorectal pain were observed.
uLAR without ISR (CAA)
Parks and Pery [37] reported coloanal anastomosis (CAA) after an uLAR for the treatment of distal rectal cancer to be feasible in terms of operative safety and oncologic outcomes. With the new revolution in operative techniques and instrumentation, CAA with either double stapling or hand sewing has become more popular. In our opinion, the definition of uLAR and CAA without ISR should have the following prerequisites: A total proctectomy should be done to the level of the anorectal ring just above the puborectalis muscle level. Then, reconstruction can be done by using either a double-stapled or hand-sewn anastomosis. Therefore, for CAA, the rectum and the surrounding mesorectum must be completely mobilized from the levator ani muscle.
Functionally, objective studies are still lacking, but subjective one show promising results, which is an important issue to improve the patient's quality life. The colonic J pouch procedure has been performed in our institute to reduce the postoperative frequency of bowel movements. However, straight CAA is still the preferred method in my practice, is easy to construct, and has a long-term functional outcome similar to that of the colonic J pouch.
Many literatures showed that after uLAR and CAA for distal rectal cancer, local recurrence was reported as 4 to 6%, distant recurrence was 8 to 20% [3] [4] [5] [6] . In our institute, between 1997 and 2003, we analyzed 44 patients who underwent uLAR and CAA for the treatment of distal rectal cancer [4] . All cases were handsewn CAA, and reconstruction was done with either a colonic J pouch or a straight CAA. During a mean follow-up period of 32 months, 6 patients (13.6%) showed fecal incontinence 1 year after surgery. Fortunately, most of them could be managed with conservative treatment such as diet control and antidiarrheal medicine. The 5-year disease-free survival rate was 68.9%, and local recurrence was found in only 3 patients. Distant metastasis reported 2 patients and combined local and distant metastasis was seen in one patient. Oncologically, the procedure was found to be safe. In fact, the patients must be selected carefully for this procedure because the functional outcome is poor for some patients. For distal rectal cancer, careful patient selection is needed to achieve safe resection margins and to get better functional outcome, which might be affected by radiation therapy.
uLAR with ISR
In the past, the main goal of surgical treatment for the treatment of distal rectal cancer was a radical resection to achieve the best oncological outcome, and APR was the standard technique. However, with advances in preoperative CRT, as well as surgical instruments and skills, the use of the APR has decreased not only in our institute but also in other hospitals in Korea.
Rectal cancer close to the dentate line can be removed while preserving the anal external sphincter by using a combined resection of the internal anal sphincter, unless the tumor has invaded the external sphincter preoperatively. Functional outcome is a matter of concern for most surgeons. Tilney and Tekkis [38] analyzed 21 studies with 612 patients who underwent an ISR. They found the short-term outcomes to be acceptable and the mean rate of local recurrence to be 9.5% (0 to 31%), with a 5-year overall survival rate of 81.5%. Portier et al. [39] analyzed 228 rectal cancer patients who underwent CAA between 1977 to 2007. Out of those 228 patients, 173 had an ISR, and 105 had a CAA without an ISR. The mean followup period was 66.8 months. The 5-year overall survival rates for local recurrence were 10.6% in the ISR group and 6.7% in the CAA group (P = 0.405). The total 5-year overall survival rates were 86.1% and 80% (P = 0.318), respectively. There were no differences in oncologic outcomes between CAA with and without ISR. If the external sphincter is not involved, circumferential tumor clearance can be achieved by resecting part of the internal sphincter. The influences of neoadjuvant treatment on the sphincter, long-term oncologic and functional outcomes still need to be assessed more carefully in the future.
Saito et al. [40] analyzed 228 patients who underwent ISR for the treatment of distal rectal cancer and followed them for 42 months. They found that the 5-year survival and disease-free survivals were 91.9% and 83.2%, respectively. The 3-year local recurrence rate was 5.8%. Schiessel et al. [41] reported on 38 patients who had an ISR. Ten percent had local recurrence, and the 5-year disease-free survival rate was 83.2%. Rullier et al. [42] also reported on 92 patients who had an ISR for the treatment of distal rectal cancer. Fifty-eight of those 92 patients were followed for over 24 months, and they experienced only a 2% local recurrence while the 5-year disease-free survival was 70%.
In a review of the literature comparing an ISR with CAA to an APR, we found that the local recurrence rates were 2 to 30% and 6 to 11%, respectively, and the 5-year survival rates were 62 to 79.2% and 53 to 80%, respectively. No differences in oncologic outcomes were noted between the two groups [43, 44] . Also, Saito et al. [43] reported no differences in the overall survivals and the disease-free survivals between the ISR and the APR groups, and they concluded that the ISR was oncologically safe and acceptable and could reduce the number of APRs [45] .
Moreover, Saito et al. [40] reported on 181 patients who underwent diverting stoma closure and who had been followed for 3 to 24 months. Among them, 110 patients had been assessed with the Wexner score, and their continence had been assessed with the Kirwan classification. The mean score was 7.8 after a 24-month follow-up, and use of the Kirwan continence classification showed that perfect continence was achieved in 36 patients, incontinence for flatus in 32, occasional minor soiling in 25, and frequent major soling in 7. None of them needed a colostomy for fecal incontinence [40] . Between 2004 and 2008, we analyzed 21 patients who had an ISR for the treatment of distal rectal cancer in our institute. The mean follow-up period was 12.9 months. Only 2 patients had local recurrence, and there was no fecal incontinence in 50% of the patients who underwent an ileostomy repair. However, that was an observational study with a small number of patients and a short follow-up period. We noticed that patients who received an ISR after preoperative CRT sometimes suffered from anastomotic stricture, anal stool frequency, urgency, fragmentation, soiling, and fecal incontinence. Thus, we recommend that before planning this type of surgery, the anorectal sphincter function be evaluated by using anorectal manometry and the patient's age, motivation and activity be considered. In addition to that, 3D or 2D TRUS is important in sphincter evaluation and tumor invasion assessment.
Rectal cancer within the surgical anal canal without invasion of the external sphincter complex
If the tumor is located very close to the anorectal ring near the levator ani level, the coronal and axial views of rectal MRI are usually very important in assessing anal sphincter preservation (Fig.  1) . The distance of the tumor from the anal verge is not sufficient to make a decision about anal sphincter preservation. Usually, for low rectal cancer, MRI cannot differentiate accurately between the tumor and fibrotic tissue after CRT. However, the decision for sphincter preservation might be changed if an accurate modality to differentiate between them with high specificity and sensitivity were available. 3D TRUS can give more details about the tumor and its relation to the sphincter complex.
APR
Miles introduced the APR in 1908 as a standard surgical treatment for distal rectal cancer. It is indicated for patients who show poor tumor response to preoperative CRT, tumor invasion into the external anal sphincter, possible invasion to the levatorani muscles, and poor anorectal function.
Because of advances in surgical techniques, surgical skills, preoperative CRT and tumor biologic behavior, recently, the number of patients who undergo an APR has been decreasing in Korea. Indeed, oncologic outcomes after an APR in comparison with those after a LAR are inferior in terms of the local recurrence and the long-term survival rates. A review of the literature comparing the APR to the LAR showed local recurrence rates of 15 to 33% and 1 to 13% for the two groups, respectively. The 5-year survival rates were 38 to 60% and 57 to 76%, respectively [46] [47] [48] [49] . The main reason the APR showed poor oncologic outcomes was that the APR had a high risk of tumor perforation and CRM positivity. Kim et al. [50] analyzed 122 patients who received preoperative CRT followed by an APR (n = 50) or sphincter-saving surgery (SSS) (n = 72). Patients who had an APR showed a higher positive CRM rate and a higher postoperative complication rate than patients who has SSS. The 5-year local recurrence rates were 22% for an APR and 11.5% for SSS (P = 0.03). The 5-year overall survival rates were 52.9% for an APR and71.1% for SSS (P = 0.03).
Eriken et al. [51] reported that percentage of tumor perforation during the surgery was higher for an APR than for a LAR (28.5% vs. 9%). Moreover, Chambers et al. [52] found that an incomplete resection (R1 resection) was more common in an APR (25.7%) than in a LAR (6.5%) (P < 0.05). Consequently, the 5-year survival rates were 55% in the APR group and 67% in the LAR group (P = 0.05). Nagtegaal and Quirke [53] reported that an APR showed a higher rate of positive CRMs than the LAR, which was attributed to the high incidence of local recurrence in patients who underwent an APR. West et al. [54] analyzed the quality of specimens for an extralevator excision APR (total levator excision). They compared these with conventional APR specimens. The rate of positive CRMs was higher for the conventional APR than for an extralevator excision (14.6% vs. 40.6%, P = 0.005). The incidence of A B tumor perforation was 3.7% for an extralevator excision and 22.8% for a conventional APR (P = 0.005). Recently, many surgeons advocated TME with extralevator excision for an APR, so we must obtain cylindrically-shaped specimen rather than waisted ones. Therefore, Holm et al. [55] emphasized that an extended posterior perineal dissection with gluteus maximus flap reconstruction, which must be carried out in the prone position rather than the lithotomy position to avoid a positive CRM and tumor perforation. Stelzner et al. [56] analyzed patients who received an APR, either extended (n = 1,097) or standard (n = 4,147). They reported that the rates of inadvertent bowel perforation and CRM involvement for extended vs. standard APR were 4.1% vs. 10.4% (P = 0.004) and 9.6% vs. 15.4% (P = 0.022), respectively. The local recurrence rate was 6.6% vs. 11.9% (P < 0.001) for both groups. They pointed out that the most critical zone for dissection in an APR was the anorectal junction. The dissection plane in the abdominal part comes close to the outer circumference of the tumor as surgeons follow the mesorectum toward the puborectalis sling in a standard APR; this approach results in a waist in the specimen, as well as high rates of inadvertent bowel perforation and positive CRMs. At this point, the dissection should be carried out toward the outer margin of the levatorani muscle. Actually, this part of the dissection must be carried out in prone Jack-knife position, and the levator ani muscle must be cut as close as possible to its origin, which is the best way to obtain a cylindrically-shaped APR specimen [56] . Recently, perineal dissection in the prone position has been started in our institute, and we are trying to determine the oncologic and technical advantages that make the dissection complete with a stretched levator ani and easy access.
Changing surgical treatment modality for rectal cancer
The surgical modality for mid and low rectal cancer has changed from a conventional open method to minimal invasive surgery using either a laparoscopic or a robotic technique. Regarding these issues, many studies in the literature have proven the safety and the feasibility of those technique, but long-term oncologic outcomes are still being investigated.
CONCLUSION
The surgical treatment for middle and distal rectal cancer has been known to be a very challenging issue. Following the current evidence might improve oncologic outcome and preserve anal sphincter, as well as sexual and voiding, function. A multidisciplinary approach has been shown to have a great impact on improving patients' treatment decision and survival. A definite treatment strategy algorithm is our future goal, and that goal can be obtained from a well-conducted clinical trial with high level of evidence. Patient selection for each procedure to minimize morbidity and mortality should be considered as a future aim to improve quality of life. Thus, a tailored treatment option should be set up for each individual patient according to the patient general condition, tumor characteristics and tumor biology.
